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The main objective of this investigation was to study spreading of Silver (Ag) nanodroplet on the 
Cooper (Cu) surface by molecular dynamics (MD) simulation method. The quantum Sutton-Chen (Q-SC) 
many body potential was used to calculate cohesive energy as well as force experienced by every atoms. 
The temperature and pressure of nanodroplet were controlled by Nose-Hoover thermostat and Berendsen 
barostat respectively. The effect of nanodroplet size on the wetting and contact angle of silver nanodroplet 
on a copper solid surface was calculated by changing the number of atoms within the nanodroplet. By vary-
ing the cooling rate during spreading of nanodroplet, it was found that decreasing the cooling rate decreas-
es the contact angle of nanodroplet, and it spreads better on the copper surface. Also, increasing initial 
temperature of nanodroplet decreased the contact angle. 
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1. INTRODUCTION 
 
The spreading of droplet on the solid surfaces is 
very important due to its broad applications, including 
propulsion, surface coating, spray painting and cooling, 
ink-jet printing, and biological sensors [1]. Further-
more, molecular level understanding of dynamics of 
liquid and solid contact is important for phase change 
heat transfer such as evaporation and condensation [2]. 
Extensive studies have been carried out over the past 
few decades to investigate the wetting phenomena of a 
droplet on the different surface [3, 4]. 
In the soldering process, a metallurgical bond is 
formed between the molten solder and a metal sub-
strate. So the capability of the molten solder to flow on 
the surface is very important for the formation of a suit-
able metallic bond. The process of spreading of molten 
droplet on surface defined as wetting. Contact angle,  , 
is a quantitative measure of the wetting of a solid by a 
liquid. It is defined geometrically as the angle formed by 
a liquid at the three phase boundary where a liquid, gas 
and solid intersect. This angle can also be considered in 
terms of the thermodynamics of the materials by Young-
Dupre equation for the balance of surface tensions at the 
liquid-gas-solid three phase from the following form 
 
 cosgs ls gl , (1.1) 
 
where gs , ls  and gl  refer to the surface tension or 
interfacial energies of the gas/solid, liquid/solid and 
gas/liquid interface respectively. There are different 
experimental method for measure contact angles, for 
instance, the wetting-balance [5] and sessile-drop tech-
niques [6, 7] have been used extensively. 
 
2. MD SIMULATION DETAILS 
 
2.1 Interatomic Potential 
 
In a classical MD simulation, the deterministic 
force experienced by 
 ( )
ii r ij
j i
f U r , (2.1) 
 
where ( )ijU r  is the inter-atomic potential and ijr is the 
separation distance between two atoms i and j. The 
interatomic potential employed in this MD simulation 
is the quantum Sutton-Chen (Q-SC) many body poten-
tial [8, 9]  
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The first term describes the pair interaction be-
tween atoms i  and j , and the second term represents 
the many-body cohesive term associated with atom i . 
a  is the parameter with dimensions of length, c  is a 
dimensionless constant,  is an energy parameter, and 
n , m  are positive integers with n m . The parame-
ters pertinent to the metals considered in this paper, 
and obtained for the Q-SC potentials, are listed in Ta-
ble 1. To construct the potential for the binary state, 
Ag-Cu, from the corresponding Q-SC potentials for the 
elemental metals, the following mixing rules [10] were 
employed: 
 
 1 2/( )ij i j ,
1 2/
( )ij i ja aa , (2.3) 
 2( ) /ij i jm m m , 2( ) /ij i jn n n , (2.4) 
 
Table 1 – The Q-SC potential parameters for Ag and Cu 
 
Metal (eV) a(Ǻ) c n m 
Ag 0.003945 4.0691 96.52 11 6 
Cu 0.005792 3.6030 84.84 10 5 
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2.2 Temperature and Pressure Control  
 
The temperature control was implemented via the 
Nose-Hoover thermostat whose introduction modifies 
the standard velocity Verlet equation of motion to the 
following form [11, 12] 
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where ζ  is the friction of the heat bath. A particular 
parameterization of the Q  is given by 
 
 2τbQ gk T , (2.6) 
 
where g is the number of degrees of freedom and τ  is the 
relaxation time of the heat bath, normally of the same 
order of magnitude as the simulation time step, δt . This 
parameter controls the speed with which the bath damps 
down the fluctuation in the temperature.  
The Berendsen barostat [13] was used to control 
pressure of system. This barostat uses a scale factor, , 
which is a function of instantaneous pressure, P, to 
scale lengths in the system 
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where μ is given by 
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Here, p is the rise time of the barostat, and 0P  is 
the set point pressure. The system pressure is set to-
ward a desired value by changing the dimensions of the 
simulation cell size during the simulation.  
 
3. RESULTS AND DISCUSSION 
 
The simulation involving nano sized cluster of Ag 
atoms and Cu substrate. The totals Number of atoms 
which are used in this simulation were 5438, 5683 and 
6058 particles which 5000 particles were substrate and 
remain were nanodroplet. At first the solid Ag with 
face centered cubic (FCC) structure was melted with 
use of MD simulation and then released liquid 
nanodroplet on the substrate to spread droplet on the 
surface (Fig. 1).  
 
 
 
 
 
 
Fig. 1 – Side view of the contact angle for Ag nanodroplet at 
1000 K, 900 K, 600 K and 300 K with 0.005 K/fs cooling rate 
 
The temperature of nanodroplet decreased during 
spreading of nanodroplet on the Cu substrate. Figure 
1 shows side view of Nanodroplet on the Cu sub-
strate at 1000 K, 900 K, 600 K and 300 K. Fig. 1 
shows recrystallization of nanodroplet at low tem-
perature. The force behind this spreading is intera-
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tomic potential between Cu and Ag atoms. The peri-
odic boundary condition was used in the X and Y 
axes and mirror boundary condition in the vertical to 
substrate i.e. Z axes. The wetting angles were de-
termined from the side-view image of the 
nanodroplet. 
In the melting process of nanodroplet the energy 
as well as order parameter are calculated in every 
time step. The phase transition is detected with use 
of diagram of energy or order parameter respect to 
temperature. The transition from the solid to the 
liquid phase can be identified by a jump in the ener-
gy diagram (Fig 2). 
 
 
 
Fig. 2 – Variation of the energy of Ag nanodroplet with 
temperature 
 
During the spreading of nanodroplet on the sub-
strate, the cooling rate of nanodroplet was changed 
to investigate the effect of cooling rate on the contact 
angle. Our MD results for different cooling rate are 
listed in the Fig. 3. This figure shows to change con-
tact angle with cooling rate of nanodroplet. The Con-
tact angle varied from 41  to 73  with increasing 
cooling rate from 0.0001 to 0.01 K/fs. Wetability is 
optimized by minimizing the value of the contact 
angle, which corresponds to lower surface-interfacial 
energy. Therefore, the cooling rate is a parameter for 
wetability control in spreading process, which, is a 
very important issue in the reliability of electronic 
packaging. 
The size dependence of the contact angle of Ag 
nanodroplet was also examined by varying the num-
ber of atoms in the nanodroplet. The other simula-
tion parameters, including initial temperature, sub-
strate, cooling rate, final temperature and time step 
value were same for all MD simulation. The perti-
nent results are displayed in Table 2. From this Ta-
ble, we see that the contact angles for these three 
sizes of nanodroplet are approximately independence 
of size. 
 
 
Fig. 3 – Contact angle of Ag nanodroplet on Cu substrate 
 
Table 2 – Wetting angles of Ag nanodroplet as a function of 
number of atoms 
 
No. of atoms Temperature (K) Contact angle 
438 300 55 
683 300 56 
1058 300 54 
 
Finally, the effect of initial temperature of 
nanodroplet on the contact angle was investigated by 
MD simulation. The cooling of nanodroplet started at 
1000 K, 1150 K and 1300 K until the desired tempera-
ture. The other simulation parameters, including sub-
strate, cooling rate, final temperature and time step val-
ue were same for all initial temperature. Table 3 shows 
the wetting angles as a function of initial temperature of 
nanodroplet. This table shows the contact angle de-
creased with increasing initial temperature. Therefore, 
initial temperature of nanodroplet is other parameter to 
control wetability in spreading process.  
 
Table 3 – Wetting angles of Ag nanodroplet as a function of 
initial temperature 
 
No. of atoms Temperature(K) Contact angle 
438 1000 55 
438 1150 46 
438 1300 35 
 
4. SUMMARY 
 
The wetting angles of Ag nanodroplet on Cu sub-
strate were obtained by molecular dynamics simulation 
technique. Increasing initial temperature reduced the 
contact angle, indicating good wetability. Also, our re-
sults show that decreasing cooling rate reduced the 
contact angle. Moreover, the contact angles of three 
size of Ag nanodroplet, including 438, 683 and 1058 
atoms, were calculated on Copper substrate. The result 
show that contact angle is independent of the 
nanodroplet size approximately. In addition, a number 
of parameters such as cooling rate and temperature 
affect on the contact angle values. Therefore, we can 
optimize wetability of nanodroplet by control of a num-
ber of parameters.  
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